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~EXPERIMENTS WITH PHOSPHATE 
FERTILIZERS IN MINNESOTA 
By F . ]. A lway, Di vision of S ils 
PHOSPHATES PROFITABLE IN MANY STATES 
I h sph ates have bee n found hi ghly profi table on mo t of the o il s of lllinois, 
l ndiana, Ohi o, and o th r sta te to the eas t a nd south eas t o f Minn e ola, espe-
cia lly in combination with farm ma nure . ln western E urope en rm ous quan-
tities o f the e f rtili ze rs have I ng been used, whil e even n the compa ra tive ly 
virgin soils o f A ustralia a light dressing f ac id phosph ate has been foun 1 so 
remunerative th at it is now u ed on milli ons o f ac res o f wheal very year . 
DIFFERENT KINDS OF PHOSPHATE FERTILIZERS 
The form s o f phospha te us cl in different co untries depend omew hal upon 
the character o f the soils to whi ch th ey a re to be a1 pli ed, I ul chi fl y upon th e 
r elative pri e. . T hus, bas ic s lag is compa ra ti vely high p riced in th e U nited 
States while acid ph osphate and raw rock ph sph a te a re rr la ti ve ly cheap. Most 
exper im nt sta ti ons recomm end acid ph o pha te a pp lied once o r tw ice in th 
course o f a ro ta tion, but th e lllinois ex1 erim ent la tion ad voca tes the usc o f the 
cheaper ra w rock phos ph a te g round very fin e a nd a pplied as a ve ry heavy 
dressing a t much less fr equ ent intervals. T he ph o. phoric ac id in th ro k pho -
pbate is much less read ily ava ilable to th e rops th a n th a t in ac id ph sph atc 
but the proporti on is much h igher , 28 pe r cent co mpa red with about 15 1 er 
cent in th e la tte r, and th e cost p r ton is much lc s, especia lly n a r th e mines. 
ENORMOUS DEMAND AT PRESENT 
A t the pr sent tim e th e demand for I oth ac id pho 1 hal t> and rock ph osphat.: 
for use on t.h e spring planting is o g rea t tha t prod ucer a re un abl e to supp ly 
it promptly. Th e hi gher priced steam d bone mt>al, w ith a phos phot·ic acid 
content of 28 per cent, and thi s in a fo rm pra ti ca lly as ava il able as in t he 
acid 1 hosph ate, is ti ll lo be bta in ed in M inn eso ta. 
GREATER PROFITS WITH HIGH PRICES 
Where ph ospha tes have been f oun l pro fitabl e a t o rd ina ry pri ces, they 
·hould be much m re so no w, as th ey have not ad va n eel in cos t to co rre. poud 
w ith farm products. 
NO LONG-TIME EXPERIMENTS IN MINNESOTA 
Extensive experim ents, the results of whi h a rc umma ri zcd in th e labl ·s, 
wcr sta rted in I<) I4 . Minnesota has no reco rd of long- tim e ex periment w ith 
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phosphates from which to judge of their value on her soils, altho from time 
to time during the forty years ,previous to 1914 the Agricultural Experiment 
Station had conducted one-year experiments either on its farm near St. Paul 
or in coiiperation with farmers in various parts of the state-always without 
distinctly encouraging results. 
EXTENSIVE EXPERIMENTS NOW IN OPERATION 
Four years ago the Experiment Station started extensive experiments with 
both rock phosphate and acid phosphate at all its substation farms and at 
University Farm, the intention being to continue them indefinitely, each year's 
results thus adding to our knowledge of the possible field for these fertilizers. 
The results to elate indicate that at the Morris substation, and hence on the 
large areas of black prairie soils of which it is representative, acid phosphate 
will be found highly profitable when the amount of manure available is insuffi-
cient for a fair application once in the course of each rotation period of from 
three to five years. Not all the black prairie soils behave like those at Morris, 
those at Crookston and Waseca having so far shown little or no response to 
either of the phosphates. Even at Morris the acid phosphate appears profitable 
only when used without manure. However, the great acreage of land in the 
west central part of the state devoted to grain crops, and the totally inadequate 
number of livestock to provide manure for it all, lend great interest to the 
question as to how far to the south, east, and north of Morris similar profitable 
results may be secured. 
Profit or Loss at the Different Farms 
Table I shows the cost of the various treatments, Table II the gross profit, 
or increase in value of all the crops in the rotation above the cost of the fer-
tilizers, and Tables III to VII the average yields for the last three seasons of 
all the crops grown in the rotations. 
TAnLE I. CosT OF FERTILIZER AND MANURE UsED IN ONE CnoP RoTATION 
- -·-·-- -·---
--- .. ·-- ---
Treatment 
Four· year rotation at Mar· 
ris, Crookston, University 
Farm, and Waseca 
Th ree·year· rotation at 
Grand Rapids and 
Duluth 
--------·----·--I 
Amount Cost I Amount 
--------
No manure or fertilizer. ......... 
Manure on1y, 40 cents per ton ... 8 tons $J.20 xo tons 
Acid phosphate only, $2o per ton 480 lbs. 4.80 360 lbs. 
Rock phosphate only, $I o per ton 2,ooo lbs. 10.00 2,ooo lbs. 
Manure and a_cid phosphate ...... 8 tons+ 10 tons+ 
480 lbs. 8.00 360 lbs. 
Manure and rock phosphate ...... 8lons+ 10 tons+ 
2,ooo lbs. I 3.20 2,ooo lbs. 
TABLE IT. GRoss PROFIT FROM D!FFERI<NT TREATMENTS 
(Increase in value of crops in rotation above cost of fertilization*) 
Treatment Morris 
j. U~ivc~~it; -
i Farm Crookston 
·----------- ----- '--·--- --·--
Manure only ......................... . $8.98 $7·94 $-1.98 
Acid phosphate only .................. . IO,I2 -2.06 -o.6o 
Rock phosphate only .................. . -0.42 -9.58 -12.38 
Manure and acid phosphate ........... . 7.28 7·48 ·-3·92 
Manure and rock phosphate ........... . 2.92 -2.66 -14.70 
• A min us sign indicates loss. 
Cost 
$4.00 
3.6o 
10.00 
7.60 
14.00 
Grand 
Rapids 
$31.02 
-!.30 
- I3,16 
33·77 
r8.5'7 
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Data are not reported for either of the two most recently acquired sub-
station farms, those at Duluth and Waseca, both of which came under the con-
trol of the Experiment Station late in I913. On the Duluth farm, just cleared 
from the forest, experiments were initiated in 1916, the fertilizers having been 
applied to potatoes and rutabagas in I9I6 and 1917 and to oats in I9I7 only. 
Neither of the two phosphates has shown any definitely beneficial effects on 
any of these crops. While experiments were started in I914 at Waseca, drain-
age was inadequate, and standing water has repeatedly caused so much injury 
that the data can not be satisfactorily reported in a summary form like that used 
in Tables III to VII. However, neither of the two phosphate fertilizers has 
so far caused any distinct increase in yield with any of the crops. 
Present and Pre-War Prices 
In computing the values of the crops, and the profit or loss from fertiliza-
tion, pre-war prices have been. used, namely, wheat, $1 per bushel; corn, 6o 
cents; oats, 40 cents; potatoes, so cents; hay, $8 per ton; acid phosphate, $20 
per ton; and rock phosphate, $10 per ton. For the manure a cost of only 40 
cents per ton has been assumed, enough to cover the cost of hauling it from 
the stable and applying it to the fields. The profits or losses at present prices 
may be easily computed from the present market quotations for the crops and a 
price of $25 per ton for acid phosphate and $I I for rock phosphate. 
As the increase in the price of phosphates has been relatively much less 
than that in prices of farm products, some treatments which showed a loss at 
pre-war prices may show a satisfactory profit under present conditions. 
TABLE III. YIELD AND VALU.E OF CROPS A'J' UNIVERSITY FARM, ST. PAUL 
Treatment 
No manure or fertilizer .... 
Manure only .....•........ 
Acid phosphate only ..•.... 
Rock phosphate only ......• 
Manure and acid phosphate 
Manure and rock phosphate 
*For two years only. 
TABLE IV. YIELD 
Treatment 
No manure or fertilizer .... 
Manure only .•............ 
Acid phosphate only .....•. 
Rock phosphate only ....... 
Manure and acid phosphate 
Manure and rock plxosplxate 
Average yield, I9I5-I9I7 
Corn Wheat Oats Hay* 
----- ·---- --·-- --·--
Bushels Bushels Bushels Tons 
4I.4 26.7 64.9 2.J7 
47·7 29·3 68.6 2.78 
J8.8 28.8 67.0 2.54 
42·9 27·9 66.1 .2.10 
48·7 30.8 70.2 2.98 
47·2 29·4 67·4 2.79 
AND VALUE o>· CRoPs AT MoRRIS Exi~ERIMENTAL 
Average yield, I9I5-I9I7 
Corn Wheat Oats Hay 
----- ---- --·-- --·--
Bushels Bushels Bushels Tons 
36.o 23.I 64·9 2.0j 
41.9 24·9 71.4 2.6o 
40·5 27.2 70.8 2.79 
37·2 24.0 68.8 2.8; 
4.1.9 26.4 69.6 2.89 
42.2 25·7 7l.4 2.97 
· Value of four 
crops in rotation 
$96.46 
107.60 
99.20 
96.88 
II 1.94 
I07.00 
FAlU.I 
Value of four 
crops in rotation 
---·---
$87.22 
99·40 
102.!4 
96.8o 
102.50 
lOJ.J4 
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TAnLE V. Yu~r~D ANn VALUE OF CROPS AT CROOKSTON ExPERIMENTAL FARM 
Average yield, I9I5-I917 Value of four 
crops in rotation Tr~atmcnt 
Corn·ll- Wheatt ! Oats Hay:!: 
; --·-·-: ---- '----- ~ -----
Bushels Bushels 
No manure or fertilizer· .... 27·5 15.2 
Manure only .............. 26.5 17,1 
Acid phosphate only ....... 25.8 18.1 
Rock phosphate o~rly ....... 25.8 15.2 
Manure and acid phosphate 30.5 17.2 
Manure and rock phosphate 26.J 15.9 
*For 1914, 1915, and 1916; only stover in 1917. 
t For 1914 and 1917 only. 
:!: For 1914, 1916, and 1917. 
Bushels 
67·9 
6+1 
67·7 
62.9 
62.4 
6o.4 
Tons 
I.J 
1.48 
1.6 
1.38 
1.61 
1.49 
$69.26 
70,48 
73·46 
66.88 
73·34 
67-76 
Rotations Include Most Important Crops 
At University Farm, Morris, Crookston, and Waseca, a 4-year rotation of 
corn, wheat, oats, and hay (clover and timothy) is employed; while at Grand 
Rapids and Duluth a 3-year rotation of potatoes, oats, and hay is used. At 
Crookston and University Farm, only half of each plot is devoted to corn, the 
other half being planted to potatoes. At Duluth rutabagas take the place of 
corn, and at Grand Rapids each plot is divided among potatoes, rutabagas, and 
corn. At these farms the manure and phosphates are applied to the land as 
it is being prepared for the cultivated crop. At Crookston, clover an.d timothy 
are secclecl with wheat, but at the other farms with oats. 
TADLE VI. YIELD AND VALUE oF CRoPs AT GRAND RAPIDs ExPERIMENTAL FARM 
Average yield 1915-19I7 I Value of three 
Treatment , crops in rotation 
Potatoes Oats Hay 1_._ 
------ ---- ----
Bushels Bushels Tons I I 
No manm·c or fertilizer ....... ...... . 137·' 36.8 1.24 $9J.I9 
Manure only ....................... . 199·3 43·4 1.4 128.21 
Acid phosphate only ................ . 14 r ·7 . 37·8 1.19 95·49 
Rock phosphate only ................ . 129.1 38.s 1.26 90.03 
Manure and acid phosphate .......... . 206.4 46.2 1.61 134·56 
Manure and rock phosphate .......... i I 9$.2 43·8 1.33 125.76 
'l'AnL!~ VII. YIELD oF PoTATOES AT UNIVERSITY FARM AND CRooKsToN AND GRoss PROFITS 
J?n..oM DIFFERENT TnEA1'MENTs WHEN PoTAToEs WERE RAISED IN THE PLACE OF 
ConN IN THE 4-YEAR RoTATION 
I 
Yield per acr·e 
Treatment 
-·---- ________ !, 
No manure ................... \ 
Manure only ............... ·I 
Acid phosphate_. ............. I 
Rock phosphate .............. , 
Manure and acid phosphate .. 1 
Manure and rock phosphate .. 
University Farm 
Bushels 
90.2 
144·4 
I IT. I 
92·7 
142.0 
136.o 
* A minus sign indicates loss. 
I. Crookston 
I Bushels I 
I 81.5 
! 
99.6 
104.2 
I 91.2 
I 
104.1 
90.5 
~--~ ----- ------
Increase in value of four crops 
in rotation above cost of 
manure and fcrti1izers* 
University Farm j Crookston 
I I 
I 
$31.27 $7.67 
9·95 1.77 
-9.23 -6.51 
29.00 5.58 
16.76 
-9·48 
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Representative Soils on the Different Farms 
On the Morris and Waseca plots the soil is a black silt loam with a silt loam 
subsoil, similar in appearance to the prevailing types of blackJ prairie soils in 
the western, southwestern, and south central counties of Minnesota. At Crooks-
ton the plots are on black clay loam, or "gumbo," with a clay loam subsoil, the 
soil so characteristic of a large part of the Red River Valley. At Grand Rapids 
the soil is a light colored sandy loam with a subsoil similar in texture, while 
that at Duluth is a stony clay loam with a stony red clay subsoil. At all of 
these farms the soil on the plots is simliar to that of the most extensive types 
found in the surrounding districts. The soil at University Farm, a clark silt 
loam with a silt loam subsoil underlaid at a depth of from 3 to 4 feet by a thick 
gravel bed, unfortunately represents a type of only very limited extent At 
all six farms the soils are so well supplied with lime that applications of ground 
limestone at the rate of three tons per acre have so far failed to produce any 
distinctly beneficial effect, even on clover. 
Numerous Small Plots Used 
AU the plots are one-tenth acre in size but, as already mentioned, on those 
farms where two cultivated crops are grown, half of the plot is devoted to each. 
For the six treatments indicated in the tables, 72 plots are employed on 
each of the four farms with a 4-year rotation; and 54 plots on the two farms 
with a 3-year rotation, thus every year giving 18 plots to each crop and 3 plots 
to every treatment of each crop. In the tables the averages of all three plots 
for each crop, or of nine separate yields in all, are reported. 
Manure Used Alone Profitable 
From Table II it will be seen that manure used alone has proved profitable 
on all the farms except that at Crookston, and on this when potatoes were in-
cluded in the rotation. The use of either rock phosphate or acid phosphate as 
a reinforcement has been found unprofitable at all the farms except that at 
Grand Rapids, where reinforcement with acicl phosphate has caused a slight 
increase in profit. 
Reinforcement of Manure Unprofitable 
This lack of profit in reinforcement of manure with phosphates is con-
firmed by the results of a simple experiment conducted at University Farm since 
1906, these being summarized in Table VIII. On this a 3-year rotation of 
corn, oats, and clover has been employed with a single plot of each crop each 
year, except in the case of the check or untreated plot, with which there were 
duplicates. The yields show no definite increase from the reinforcement with 
either of the two phosphates. 
TABLE VIII. EFFECT o1• REINFORCING MANURE WITH PnoSPIIATE AT UNIVERSITY FARM oN 
A J·YEAR RoTATION oF CoRN, OATs, AND CLOVER. AvERAGE YIELDS FOR 
6 YEARS, I909·I9I4* 
,;=: .... :::.:::=:::-.-.:-..:::~..:- ~-- :.--:..:. ·- . -~-. ---~:~·--
Plot i ------___ T_r_e_at_m_e_n_t _____ _ Corn Oats 1 Hay 
--·-!--·-
Bushels Bushels 1 Tons 
4 No manure or phosphate ............................ 52.5 6o.8 I ~·74 
5 Six tons of n1anure for each rotation ............... 57·9 6!.6 2.89 
12 Six tons of manure for each rotation ................ 57·7 64·4 2.71 
10 Six tons of tnanure and x,ooo pounds of rock phos· 
phate for each rotation., •... , ................... 58.5 64·9 2.8s 
II Six tons of manure and 400 pounds of ncid phos· 
phate for each rotation .... , ..................... ss.1 6s.s 2.91 
* Arny, A. C. Rotation investigations. Minn. Agr. Exp. Sta. B\111. 170. 1917. 
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Rock Phosphate Not Profitable 
Rock phosvhatc used alone shows a loss at all the farms, but at Morris 
the beneficial effect has been so marked that within another year or two it is 
probable that increased yields resulti;1g from the large amount remaining in 
the soil will cause this treatment to show a profit. The application of this 
fertilizer will be repeated only at the end of the second rotation period, and 
hence the cost of it will be chargeable against eight crops instead of four, as 
in the case with the acid phosphate, which is applied at the end of each rota-
tion period. 
Acid Phosphate Profitable Only at Morris 
When corn was used as the cultivated crop in the rotation, acid phosphate 
was profitable only at Morris; at the other farms it cost more than the increase 
in crops was worth. When potatoes were employed, it was profitable at Uni-
versity Farm also. 
First Season's Results Unfavorable 
Altho the experiments were started in 1914, the data in the tables with the 
few exceptions indicated by footnotes, are for only the last three seasons-
I9IS, IC)I6, and 1SH7. At Morris in 1914, hail, defective drainage on part of 
the plots, and other causes, so affected the crops on many of the plots that 
no distinctly beneficial effects of the phosphate were shown by the yields, and 
so to make the data from all the other experimental farms comparable with 
those at Morris the yields in only the last three seaso.ns have been employed in 
computing the averages for the different crops. At University Farm, Grand 
Rapids, and Crookston, in 1914, the phosphates showed even less beneficial 
effects than in the following years. If the experiments had been then discon-
tinued, the results of the earlier one-year experiments would have been fully 
confirmed. 
Details Published by Substations 
Details of the experiments, giving yields on each plot in each year, have in 
part been already published, those for Crookston for the first three years being 
given in the Report of the Superintendent of the Northwest Experiment Sta-
tion for 1910 ·to 1916; those for 1915 and 1916 at Grand Rapids in the Report 
of Progress of Work at the North Central Experiment Station; those for the 
four years at Morris in the Report of the West Central Substation for 1917; 
and those at Duluth in 1916 in the Report of the Northeast Demonstration Farm 
and Experiment Station. The reports may be obtained free by writing the 
superintendents of the respective substations. 
QUANDARY OF SOUTHWESTERN MINNESOTA FARMERS 
In view of the exceptional response of phosphate fertilizers at Morris, it 
is of especial interest to the farmers of southwestern Minnesota to know what 
results have been obtained to the south of the Minnesota line on soils of similar 
origili and similar appearance. The only experiments reported on these are 
those from the Iowa Agricultural Experiment Station farm at Ames, in which 
a 4-year rotation of corn, corn, oats, and clover has been used, applying both 
the manure and the phosphate just preceding the ftrst corn crop of each rotation. 
Steamed bone meal applied at the rate of Boo pounds per acre has been used 
as the phosphate fertilizer. This contains about three times as much phosphorus 
as the 4-So pounds of acid phosphate used at Morris, while the degree of avail-
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ability is much the same. The results reported in Table IX show that the 
phosphate has been almost without effect, thus corresponding to the results at 
Waseca rather than to those at Morris. Hence the farmers in southwestern 
Minnesota ·have no satisfactory experimental results to guide them. They 
might secure a profit from acid phosphate alone, as at Morris, or they might 
lose money on the transaction, as at Ames and Waseca. The need of experi-
mental fields in that part of the state thus becomes urgent. 
·.rAnLE IX. HEsuLTS OP ExPERIMENTS WITH MANURE AND PnosrnATE AT AMES, IowA, ON .A 
4·YF.AR RoTATION Ol' ·CoRN, CoRN, OATS, AND Cr.ovER. AVERAGE 
YIELDS FOR 8 YEARS, 1906·1913* 
Treatment Corn Oats Hay 
·--~I--·- • --- '---·-
I' 
No manure or fertilizer . ........... , ....................... . 
Manure onfy, eight tons in four years ...................... . 
l)hosphatc only, Soo pounds bone meal in four years ......... . 
Manure, eight tons, ancl phosphate, Boo pounds ............... ' 
Bushels : Bushels : 
6o.2 ss.o 
72·4 61.9 
59· I 
72.1 
Tons 
2,25 
2.82 
2.45 
z.Bs 
--------------------
*Stevenson, W. H., Brown, P. E., and Forman, L. Vrl. 1\tlaintaining fertility in the 
Wisconsin drift soil a1·ca in Iowa. Iowa Agr. Exp. Sta. Bull.. 1G1. 1915. 
THE PROBLEM IN SOUTHEASTERN MINNESOTA 
While the southeastern counties of Minnesota are underlaid with limestone 
and this rock is exposed in most of the valleys, giving the valley soils an abun-
dance of lime, the soils of the uplands are in general much more poorly supplied 
with lime than are those to the west and northwest. This low-lime area may 
be roughly defined as the triangle bounded on the northeast by the Mississippi 
River, on the west by a line drawn south from St. Paul to the Iowa border, 
and on the south by the Iowa line. On the upland soils of this area it is 
usually necessary to make an application of lime. or ground limestone in order 
to secure a successful stand and growth of alfalfa. The Experiment Station 
has no experimental farm or field in this highly developed portion of the state, 
and hence no satisfactory site for the necessary experiments. The soils of 
this portion appear much more similar than those of the rest of the state to 
soils of Illinois, )ndiana, and Ohio on which phosphate fertilizers have been 
found highly profitable, especially when used to reinforce farm inanures. 
This similarity made it appear probable that phosphates would prove bene-
ficial, and for this reason cooperative experiments w'ith farmers in Goodhue, 
Ol.mstead, Winona, Mower, and Fillmore counties were started in the spring 
of 1917. Acid phosphate was applied at the rates of 200 and 400 pounds per 
acre, on fourteen fields of small grains and on fifteen fields of corn. On each 
field six 1-acre plots were brought under experiment, two being given 200 
pounds of phosphate per acre, two 400 pounds per acre, and the other two 
receiving no fertilizer. A member of the Experiment Station staff applied 
the fertilizer and was present at harvest. The corn was so badly injured by 
'the early frost that no satisfactory data on this crop were secured. With the 
small grains, for which the weather was very favorable, the phosphate plots 
gave in general somewhat higher yields, but the increase was not nearly suffi-
cient to cover the cost of the fertilizer. The fields are to be kept under ob-
servation and the yields on the different plots arc to he determined in the seasons 
of 1918 and 1919. The yields on' the treated plots in: these seasons may be 
sufficiently increased to make the total increase during the three years much 
more than cover the cost of the fertilizer. However, the results to date arc 
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not such as to justify any general recommendation of the use of phosphates to 
the farmers of the southeastern counties. 
DO PHOSPHATES HASTEN THE RIPENING OF CORN? 
It has long been recognized that phosphates hasten the maturity of small 
grains by some· days, and it is often claimed that they would. cause corn to 
ripen so much earlier in Minnesota that their use would prove especially de-
sirable with this crop in unfavorable seasons. In the last four years the corn 
crop at the various experimental farms has suffered much from early frosts, 
and in no case has any important difference been found in favor of the plots 
which hac\ received phosphates, while in most instances no· difference at all in 
ripeness was discernible. 
PHOSPHATES ON PEAT SOILS 
On peat soils, other than those with the peat layer so thin that plant roots 
readily pass through it and obtain from the underlying clay or loam the forms 
of plant food in which peats are deficient, the application of a phosphate, either 
alone or in combination with potash, with lime, or with potash and lime to-
gether, is usually necessary in order to secure any satisfactory crops. As to 
whether the treatment will prove profitable will depend chiefly on the cost of 
the lime and potash. 
GARDEN AND TRUCK CROPS 
Vvith truck crops, the cost of an application of phosphate in comparison 
with that of the large amount of labor is so small that if only a very moderate 
increase in yield were caused by the fertilizer its use would be .Profitable. 
SANDY AND RED DRIFT SOILS NOT INCLUDED IN 
EXPERIMENTS 
Extensive areas of sandy soils north and northwest of the Twin Cities, and 
occupying large portions of Anoka, Isanti, Sherburne, Crow \Ving, and Wadena 
counties, are as yet representee\ by neither experimental farm nor experimental 
field. The same is true of the Red Drift soils, loams, clay loams, etc., all with 
a reel loam or a red clay loam subsoil, which occupy most of Kanabec, Mille 
Lacs, Benton, Morrison, and Crow Vling counties as well as parts of the coun-
ties adjacent to these. Accordingly, the results of the experiments reported 
nu1y not be at all applicable to the sanely and Red Drift soils. 
SUMMARY 
The results of the experiments so far conducted in Minnesota on the use 
of phosphate fertilizers· on ordinary, or mineral soils, and with the ordinary 
farm crops, do not justify any recommench\tions for their general use even 
under the prevailing high prices. However, the highly profitable results shown 
at the Morris experimental farm, when acid phosphate was used alone, sug- · 
gest that on a large proportion of those soils in the west central part of the 
state upon which grain has long been grown without the application of manure, 
the use of acid phosphate may he found highly profitable with wheat and 
clover on the fields which do not receive an application of manure once every 
three to five years. On peat soils and with truck crops the conditions are so 
different that the above remarks are not intended to apply to them, while with 
the soils of the sandy and Red Drift areas there have been no experiments. 
